Background Advancement of knowledge requires presentation and publication of high-quality scientific research. Studies submitted for presentation undergo initial peer review before acceptance and the rate of subsequent publication may be taken as an indicator of access to publication for pediatric radiology studies. Objectives Evaluate the proportion of abstracts also published in journals for pediatric radiology conferences and identify factors associated with publication success. Materials and methods All Medline articles that originated from oral presentations at the European Society for Paediatric Radiology (ESPR), the Society for Pediatric Radiology (SPR) or the International Pediatric Radiology (IPR) conferences between 2010 -2012 were evaluated. Descriptive statistics to evaluate published and unpublished groups were calculated overall and split by characteristics of the abstracts such as number of authors.
Introduction
Advancement of medical knowledge in any subspecialty field requires presentation and publication of high-quality scientific research [1] . In pediatric radiology, there has long been concern regarding the quality of research output with the majority of publications being descriptive, rather than hypothesisdriven in nature [2] [3] [4] .
The main outlet for the presentation of new pediatric radiology studies is through the Society for Pediatric Radiology (SPR) and European Society of Paediatric Radiology (ESPR) meetings. A joint meeting, the International Pediatric Radiology (IPR) conference, replaces both meetings every 5 years. Studies submitted for presentation undergo initial peer review before acceptance and the rate of subsequent publication may be taken as an indicator of access to publishing within the specialty and availability of study results to a wider general audience. Studies analyzing the publication rate of abstracts presented at general radiology conferences have found that this ranges between 33% [5] to 47% [6] , with pediatric radiology believed to fall below, at approximately 30% [7] .
Studies published within higher impact journals (a measure reflecting the average number of citations to recent articles published in that journal, which is frequently used as a proxy for the relative importance of a journal within its field) are presumed to have wider reaching appeal and influence. Whilst there are no published figures for the median impact factor of published articles from other radiology subspecialty conferences, the median impact factor of all journals within the radiology & medical imaging category according to the Journal Citation Reports database for 2014 is 1.751. [8] [9] [10] .
The objectives of this study are to primarily quantify the proportion of abstracts published in pediatric radiology, and describe potential publication prognostic factors and destination journal characteristics. Comparison with published data from other radiology subspecialty conferences will also be performed.
Materials and methods
Ethical approval was not required for this retrospective, bibliometric study.
A review was conducted for all oral presentation (scientific and educational) abstracts published in the conference proceedings for five pediatric radiology meetings over a threeyear period (ESPR 2010 [11] , SPR 2010 [12] , IPR 2011 [13] , ESPR 2012 [14] and SPR 2012 [15] ). Poster presentations and review courses were not included in this analysis.
The abstracts were searched for publication using the PubMed server (www.ncbi.nlm.nih.gov) over a 2-week period starting from 1 March 2015. Searches were performed by two radiology interns (S.C.S., J.O.L. -a pediatric radiology fellow and senior radiology trainee, respectively) using the following sequential criteria until a matching publication was found:
Surname, initial of first author Keywords from abstract title Surname, initial of last author Publications were included where data and/or study methodology was similar to conference abstract. There were no duplicated abstracts within the conferences analysed. To reduce search errors, 20 abstracts were randomly selected and searches repeated by the supervising investigator (O.J.A., a consultant pediatric radiologist with 10 years of experience).
The following data were collected from the abstracts and published manuscripts:
Publication: time between conference and publication in print, journal name and impact factor. Authors: institution name and type (academic, tertiary hospital, both, neither), country of first author, total number of authors and position of first author on subsequent publication. Study: design (retrospective, prospective, unknown, nonapplicable), subtype, sample size, subspecialty (determined by conference proceedings) and international collaboration.
Impact factor for year of publication (or previous year) was used, depending on latest available.
Study subtypes included: audit (including studies relating to quality improvement and patient safety), cross-sectional/ epidemiological studies, ideas/opinions, case reports, case series, pictorial reviews (including educational material), case control study, survey, cohort study, randomized control trial (RCT), meta-analyses/systematic review, preclinical studies. Studies that described radiologic features (normal variants, normal values or disease characteristics) were classified as case series. Those comparing one method of imaging or interventional technique to conventional treatment or lack of treatment, or where a hypothesis was declared and tested were classified as cohort studies [16] . Studies not involving human subjects were classified as preclinical studies. When there was doubt regarding study type, a decision was reached with the supervising investigator.
Statistical analysis
The percentage of conference abstracts with associated publications are presented overall and by study design, institution type, study type, subspecialty, country and conference. The median, interquartile range (IQR) and range of sample size and number of authors are presented overall and split by those published and unpublished. Furthermore, the median journal impact factor for the published abstracts are presented by country of the first author. Countries submitting fewer than 5 abstracts, or those with fewer than 3 publications were excluded from the main summaries presented as there were too many countries with sparse data. No formal statistical tests were carried out because the statistics presented could not be considered sample estimates due to the systematic nature of this review. Statistics were calculated in SPSS (version 11.0, Chicago, IL).
Results
Three hundred out of 715 (41.9%) oral abstracts were expanded into publications. Thirty-eight out of 300 (12.6%) were published prior the conference date with 262/300 (87.3%) articles published after the conference date. Twenty randomly selected reassessed abstracts did not reveal errors in search methodology.
There was little difference in the percentage of published abstracts for prospective studies compared to retrospective studies (83/188 [44.1%] and 216/520 [41.5%], respectively), although more abstracts overall were retrospective in design (520/715, 72.7%). Table 1 summarizes differences in characteristics between abstracts achieving and not achieving publication.
Abstracts accepted for presentation originated mainly from academic and/or tertiary pediatric centres. Countries producing the highest number of publications included the United States, Canada, France and the United Kingdom. International multicentre collaboration was present in 19 (6.3%) published articles. Table 2 shows differences in percentage of abstracts published by country and differences in the impact factor of the journals in which they were published. Table 3 shows the differences in percentage of abstracts published for the different conferences analysed during the study period.
The median author number as specified in the abstract was 5 for both published (IQR: 4-6, range: 1-12) versus unpublished (IQR: 3-6, range: 1-15) abstracts. The median author number in the published articles was 6 (IQR: 4-8, range: 1-34). The total number of authors in the final published article remained unchanged from the abstract in 89 (29.7%). In 177 (59%), the total number of authors increased. In the majority of published articles, the first author remained unchanged in position (192, 64%). In 42 (14%), the first author moved to second author position, 24 (8%) moved to third author position or more and in 34 (11.3%) they became the final supervising author. In 8 (2.6%) cases, they were not included on final publication.
The median sample size within the oral abstracts achieving publication was 46 (IQR: 20-101, range: 1-2,626) compared to 36 (IQR: 16-97, range: 1-8,574) for those remaining unpublished. Median sample size within published articles was 52 (IQR: 33-105, range: 1-6,351). In 138 (46%), sample size differed from the abstract: 82 (27.3%) were larger and 56 (18.7%) were smaller than originally presented.
One hundred eighty-one (60.3%) articles were published in radiology journals, 47 (15.7%) in pediatric subspecialist journals, 46 (15.3%) in clinical medical journals and 26 (8.7%) in medical physics journals.
The top three destination journals included Pediatric Radiology (79; 26.3%), American Journal of Roentgenology (34; 11.3%) and Radiology (22, 7.3%) (see Table 4 ). All articles were published in English apart from 3 (1%) in German. The median impact factor for all published studies was 2.31 (IQR: 1.65-3.14, range: 0-18.03). The median impact factor for prospective studies was 2.36 (IQR: 1.65-3.07, range: 0.41-18.03)
For abstracts that were published after the conference date (262/300, 87.6%), the median time to publication was 18 months (IQR: 12-28 months, range: 1-59). Seventy-two out of 262 (27.4%) were published in fewer than 12 months. Of the abstracts published prior to the conference date (38/300, 12.7%), the median time prior to conference date was 10 months (IQR: 3-14, range: 0-67). Twenty out of 38 (52.6%) were published within the preceding 12 months from the conference date.
Discussion
This study found that 41.9% of pediatric radiology oral abstracts were published either before (38, median of 11 months before) or after the conference (262, median of 18 months after). A notably higher percentage are published in certain subspecialty fields (such as musculoskeletal radiology, child abuse and neuroradiology) and originating from the United States.
Our results are comparable to studies assessing publication rates of pediatric studies within general radiology conferences (37%-41% [6, 7] ) and compare favorably with other radiology subspecialty conferences (e.g., 39% for musculoskeletal [17] , 40% for gastrointestinal [18] and 37% for neuroradiology [19] ). One possible reason why certain subspecialties within pediatric radiology are likely to reach publication could stem from specific prolific research groups, but may also be influenced by subspecialty sections assigned to them within the conference proceedings, which may have been allocated to suit conference programme organisation.
The number of authors in the abstract did not appear to result in publication success. Most studies were cohort or case series in nature and were retrospective, in keeping with other published data (62.5% [20] ). This may be due to ease and reduced administration times in obtaining ethical approval board approval for retrospective studies.
The United States continues to lead the world in pediatric radiology output, similar to general radiology output [3] . This may be, in part, due to a greater number of pediatric radiologists working in tertiary pediatric centres with job plans that allow for dedicated academic time, funding opportunities and available resources.
Although an imperfect measure, many regard the impact factor of a journal as a marker of publication quality [21] . In our study, Pediatric Radiology (latest 2014 impact factor 1.570) was the most frequent destination journal, an unsurprising result as this is the representative society journal for ESPR and SPR. However, the median impact factor of destination journals was higher than the median impact factor of all journals within the radiology & medical imaging category according to the Journal Citation Reports database for 2014 was 1.751 (range: 1.589-1.861) [20, 22] .
As with retrospective studies, our data had limitations. Although the inclusion of article searches within other databases (e.g., EMBase) may have yielded a higher percentage of abstracts published, we modeled our search on other similar studies for different radiology specialties to make our results more directly comparable. A longer follow-up time could have also yielded an increase in publication rates, although this is usually highest during the first three years following presentation and unlikely to yield a significant amount of further publications if the study time was any longer [23] . Other factors such as non-inclusion of studies currently undergoing peer review and accepted or pending manuscript changes may also play a part. It is possible that studies could have been published without the involvement of the first or final abstract author escaping our search methodology. Nevertheless these cases are likely to be few, and counterbalanced by the strengths of our study, which include its all-encompassing nature across a large number of submitted abstracts to North American and European conferences, and detailed subtype analysis.
Although promising, our data should not be interpreted as the state of the publication output of pediatric radiology as a whole, as some studies may have been presented at nonradiologic conferences or simply not presented. In addition, we presume that studies submitted for an oral presentation were eventually submitted for journal publication; however, we cannot tell if the abstracts were fully written up as manuscripts and submitted (then rejected), never proceeded further than oral presentation, or indeed whether the results presented formed a subset of findings for a larger study that was later published with a different abstract not recognizable to the study presented at a conference. Further work on this topic may include identification of factors not resulting in publication and remedies by which to overcome this. In order to improve the quality and degree of evidence in pediatric radiology research, greater emphasis should still be placed upon producing prospective, hypothesis-driven studies, even though these did not appear to be indicators of publication success. Assistance in applying for ethical approval, international collaborative initiatives and statistical support may be beneficial in this regard. 
Conclusion
The percentage of pediatric radiology abstracts published compare favorably with other radiologic subspecialties. Most studies were retrospective in design and the most common study types included case series and cohort studies.
